消去可能および消去不能変数を含む正則パターンの効率的な帰納学習 (計算理論とアルゴリズムの新展開) by 植村, 仁 & 佐藤, 優子
Title消去可能および消去不能変数を含む正則パターンの効率的な帰納学習 (計算理論とアルゴリズムの新展開)
Author(s)植村, 仁; 佐藤, 優子




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(Jin UEMURA)\star (Masako SATO)**
(Graduate School of Science, Osaka Prefecture University)\star
(College of Integrated Arts and Sciences, Osaka Prefecture University)**
, ,
. Sato et a1.[9] ,
Compactness .
, $k$ Compactness
$\#\Sigma\geq 2k-1$ . Arimura et a1.[3] , Compactness
. ,











, $\Sigma\cup \mathrm{Y}\cup Z$ . . $\Sigma$
, $\mathrm{Y},$ $Z$ , , (erasing) (nonerasing)
, . $X=\mathrm{Y}\cup Z$ , $X$
. $x,x_{1},x_{2},$ $\cdots$ , $\mathrm{Y},$ $Z$ $y,y_{1},y_{2},$ $\cdots$
$z,$ $z_{1},$ $z_{2},$ $\cdots$ .
$p$ , $p$ $|p|$ , $\mathcal{P}$
.
$\mathcal{P}$ $\mathcal{P}$ , (i) , (ii)
1 . $x_{1},$ $\cdots,$ $x_{n}$
$p$
$\theta$ $\{x_{1}:=p_{1}, \cdots,x_{n}:=p_{n}\}$ , $p\theta$
. $p$ $q$ ( $q$ $p$ ) . $p=q\theta$
$\theta$ , $p\preceq q$ . $p,$ $q$ , $p\preceq q$ $q\preceq p$
, $p\equiv q$ . $p\equiv q$ $p=q$ . ,
$y_{1}\preceq y_{1}y_{2}$ $y_{1}y_{2}\preceq y_{1}$ $y_{1}\equiv y_{1}y_{2}$ , $y_{1}\neq y_{1}y_{2}$ . ,
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, ( ) ffl .
$p$ , $q$ $p\equiv q$ $|p|\leq|q|$
.
$p$ , $L(p)=\{w\in\Sigma^{*}|w\preceq p\}$ $p$ .
[ , $p\preceq q$ $L(p)\subseteq L(q)$ , , $p\equiv q$ $L(p)=L(q)$ . $\Sigma$
$L$ . $L(p)=L$ $p$
.
1.1
$p$ , $p$ 1 .
$\mathcal{R}\mathcal{P},$ $\mathcal{R}\mathcal{P}\mathcal{L}$ . , ( )
, RP (RPn6) $\mathcal{R}\mathcal{P}\mathcal{L}_{e}(\mathcal{R}\mathcal{P}\mathcal{L}_{ne})$
. $yaz$ $L(yaz)$ , $\mathcal{R}\mathcal{P}_{e}\cup \mathcal{R}\mathcal{P}_{n\text{ }}$
, $\mathcal{R}\mathcal{P}\mathcal{L}_{e}\cup \mathcal{R}\mathcal{P}\mathcal{L}_{ne}\subset \mathcal{R}\mathcal{P}\mathcal{L}$ .
$p$ $p=w_{0}\alpha_{1}w_{1}\alpha_{2}\cdots w_{n-1}\alpha_{n}w_{n}$
$\text{ }$ . 1,, $w_{\mathrm{O}},w_{n}\in\Sigma’,w:\in\Sigma^{+},\alpha:\in$
$X^{+}(i=1, \cdots,n-1)$ . $p$ , $i$ $\alpha.\cdot\in$
$\mathrm{Y}\cup Z^{+}$ . , $q$ ,
, $p=q$ . ,
$\preceq$ . , $p$ ,
$L(q)=L(p)$ $q$ .
$\mathcal{L}$ , $L\in \mathcal{L}$ . $S\subseteq\Sigma^{*}$ $\mathcal{L}$ $L$
, $L’\in \mathcal{L}$ , $S\subseteq L’$ $L\subseteq L’$ $\mathrm{A}\mathrm{a}-$ .
$p$ , $S_{1}(p)=L(p)\cap\Sigma^{|p|}$ , , $p$
. $S(p)=S_{1}(p)\cup S_{1}(c(p))$ . , $c(p)$ [ $p$ (
,
.
, Sato et al. [9] ,
.
LL $\#\Sigma\geq 3,$ $p_{1}zp_{2},$ $q$ , $a_{1}$ , a2, $a_{3}\in\Sigma$ .
, $p_{1}a.\cdot p_{2}\preceq q(i=1,2,3)$ , $p_{1}zp_{2}\preceq q$ .




L3. $\#\Sigma\geq 3,$ $p,$ $q$ . .
(i) $S(p)\subseteq L(q)$ , (ii) $L(p)\subseteq L(q)$ , (iii) $p\preceq q$
, .




$p$ P . $p$ , [ $|p|\geq 2|c(p)|+1$ . ,






L5. $w\in\Sigma$ ’ $p\in \mathcal{R}\mathcal{P}$ , $w\in L(p)$ $O(|w|+$
$|p|)$ .
$v,w\in\Sigma^{+}$ , $w=a_{1}\cdots a_{n}$ . , $a$: .
$v$ $w$ , $i_{1},$ $\cdots$ , ( $1\leq i_{1}<\cdots<i_{k}\leq n$ )
, $v=a_{*_{1}}.\ldots a_{k}.\cdot$ . $v\leq w$ .
$S\subseteq\Sigma$’ . $S$ CS MCS .
$\mathrm{C}\mathrm{S}(S)=\{v\in\Sigma’ |\forall w\in S,v\leq w\}$ , MCS(S) $=\{v\in \mathrm{C}\mathrm{S}(S)|\forall w\in \mathrm{C}\mathrm{S}(S),\neg(v<w)\}$
Shinohara[10] , $S$ ( ) $O(\# S\mathrm{x}m^{3})$
. , $m$ , $S$ .
$\bullet$ 1.6. $S\subseteq\Sigma^{*}$ , $s\in \mathrm{M}\mathrm{C}\mathrm{S}(S)$ . MINL ,
$\mathcal{R}\mathcal{P}\mathcal{L}$ $S$ $O(\# S\cross m^{2})$ .
$m$ $S$ .
Procedure MINL




$1\overline{\mathrm{e}}\mathrm{t}\epsilon$ be amaxima common $\mathrm{s}\mathrm{u}$ eequence of $S$ ;
let $\iota:=a_{1}a_{2}\cdots a_{k}$ ; let $l$ be the $\mathrm{l}\mathrm{e}\mathrm{n}\overline{\mathrm{g}}$ th of the shortest constant strings in $S$ ;
let $m:=l-k;q_{0}:=y_{1}a_{1}\cdots a_{k}y_{k+1}$ where $y_{i}\in \mathrm{Y}$ ;
for $i=$. $1$ to $\mathrm{k}11$ dobegm if $S\subseteq L(q:-1\{y:=\epsilon\})$ then
begin $q::=q_{1-1}.\{y\iota:=\epsilon\}$ ;goto $\mathrm{E}$ end;
for $i=m$ downto 1do
if $s^{-}\subseteq L(q:-1\{y::=z:,1\ldots z:\dot{o}\})$ , where $z:i\in Z$ , then





( ) , MINL
,
([3]). , 15 16 , .
1.7. .
2
, RPL . $\mathcal{R}\mathcal{P}_{\mathrm{e}}$
$k$ $\mathcal{R}\mathcal{P}_{e}^{k}$ .
208
2.1 $\prime R\mathcal{P}_{e}^{k}$ Compactness
, .
2.1. $\#\Sigma\geq 3,$ $p_{1}yh$ ,q\in RP . $a_{1}$ ,a2, $a_{3}\in\Sigma$ } , $p_{1}a_{*}.p_{2}\preceq q$
, $p\preceq q$ .
, .
22. p\in RP . , $S_{1}(p)$ RPL $L(p)$ .
$P$ , $L(P)= \bigcup_{p\in P}L(p)$ $S(P)= \bigcup_{p\in P}S(p)$ .
, $\mathcal{R}\mathcal{P}\mathcal{L}_{e}^{k}=\{L(P)|P\in \mathcal{R}\mathcal{P}_{e}^{k}\}$ . 2 $P,Q$ ,
$P\subseteq Q$ , $p\in P$ , $p\preceq q$ $q\in Q$ .
, $P\subseteq Q$ , $L(P)\subseteq L(Q)$ .
23. $\mathcal{R}\mathcal{P}_{\text{ }^{}k}$ Compactness , $P,$ $Q\in \mathcal{R}\mathcal{P}_{e}^{k}$
, $P\subseteq Q$ $L(P)\subseteq L(Q)$ .
$p$ , $S_{2}(p)$ $p$ 1 2
$\Sigma$ . , $S_{2}(P)= \bigcup_{p\in P}S_{2}(p)$ . $S_{1}(p)\subseteq S_{2}(p)$
.
24. $k\geq 1,$ $P,$ $Q\in\#\mathcal{R}\mathcal{P}_{e}^{k},$ $\#\Sigma\geq k+2$ 3
(i) $S_{2}(P)\subseteq L(Q)$ $(\mathrm{i}\mathrm{i})P\subseteq Q$ (iii) $L(P)\subseteq L(Q)$
2.5. $k\geq 1,$ $\#\Sigma\geq k+2$ . $P\in \mathcal{R}\mathcal{P}_{e}^{k}$ , $S_{2}(P)$ $\mathcal{R}\mathcal{P}_{e}^{k}$
$L(P)$ .
[4] $\#\Sigma=k+1$ , $\mathcal{R}\mathcal{P}_{e}^{k}$ Compactness .
la, $\Sigma=\{a_{0},a_{1}, \cdots,a_{k}\},$ $p=a_{0}a_{0}y_{0}a_{k}a_{k},$ $q_{*}$. $=xa_{0}a:y_{1}(1\leq i\leq k)$ .
, $L(p) \subseteq\bigcup_{=1}^{k}.\cdot L(q.\cdot)$ , $i$ , $p\not\leq q-$ . ,
.
26. $k\geq 1$ $\mathcal{R}\mathcal{P}_{e}^{k}$ Compactness
[ , $\#\Sigma\geq k+2$ .
) , $\mathcal{R}\mathcal{P}_{n\mathrm{e}}^{k}$
Compactness , $\#\Sigma\geq 2k-1$ . , $k\geq 3$
([9]).
2.2 $\overline{\equiv}-$ $\mathcal{R}\mathcal{P}\mathcal{L}_{e}^{k}$ .
\S 1.2 , $\mathcal{R}\mathcal{P}\mathcal{L}$ , ,
. \mbox{\boldmath $\tau$} (Wright[13]),
$k$ , $\mathcal{R}\mathcal{P}\mathcal{L}^{k}$ . ,
$\mathcal{R}\mathcal{P}\mathcal{L}_{e}^{k}$ .





1. $p,q\in \mathcal{R}\mathcal{P}_{\mathrm{e}}$ [ , $p\preceq q$ $L(p)\subseteq L(q)$ .
2. $\mathcal{R}\mathcal{P}_{\text{ }^{}k}$ Compactness .
3. RP , .
(a) $p$ ,q\in RP , $p\preceq q$ .
(b) RPL MINL .
(c) size :RP \rightarrow N , :
$\mathrm{i}$ . $p\prec q$ , size(p) $<\mathrm{s}\mathrm{i}\mathrm{z}\mathrm{e}(q)$ .
p\in RP , $h,$ $h’$
size(p) $\leq h(|p|)$ $|p|\leq h’(\mathrm{s}\mathrm{i}\mathrm{z}\mathrm{e}(p))$ .
$\mathrm{i}\mathrm{i}\mathrm{i}$ . {p\in RP $|$ size(p) $\leq n$ } , .
1.3 , 24, 15 L6 , 1, 2, 3-(a), 3-(b) .
3-(c) , ( ) p\in RP , size(p) $=3|p|_{\mathrm{c}}-|p|_{v}+1$
. , $|p|_{c},|p|_{v}$ $p$ .
, $p\prec q$ size(p) $<\mathrm{s}\mathrm{i}\mathrm{z}\mathrm{e}(q)$ $\mathrm{k}$ , . $h(x)=3x+1,$ $h’(x)=$
$x+1$ , $h,$ $h’$ . , [3]
, .






$L$ (bayb) $\subseteq L(z_{1}az_{2}b)\cup L(zab)$
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